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Abstract

Objective: This article outlines an approach to developing clinical decision support (CDS) for
conditions related to work and health. When incorporated in electronic health records, such CDS
will assist primary care providers (PCP’s) care for working patients.

Methods: Three groups of Subject Matter Experts (SMEs) identified relevant clinical practice
guidelines, best practices, and reviewed published literature concerning work-related asthma,
return-to-work, and management of diabetes at work.

Results: SMEs developed one recommendation per topic that could be supported by electronic
CDS. Reviews with PCPs, staff, and health information system implementers in five primary care
settings confirmed that the approach was important and operationally sound.

Conclusions: This compendium is intended to stimulate a dialogue between occupational health
specialists and primary care providers that will enhance the use of work information about patients
in the primary care setting.
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BACKGROUND

In this issue of the Journal of Occupational and Environmental Medicine, a compilation of
articles describes proposals to introduce computer-mediated clinical decision support (CDS)
into primary care practices to assist providers in the care of working patients. These articles
are intended to stimulate a dialogue between occupational health specialists and primary
care providers that will enhance the use of work information about patients in the primary
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care setting. This work is the product of a larger project of the National Institute for
Occupational Safety and Health (NIOSH) to demonstrate the value and use of occupational
information in electronic health records (EHRS). Timely presentation of information about
work would assist providers in recognizing the complex relationship of work and health,
including both the impact of disease and injury on the ability to work and the impact of work
on disease and injury. Effective CDS that is delivered electronically offers “five rights”: the
right information to the right person in the right intervention format through the right
channel at the right time in the clinical workflow.

In November of 2016, there were 159 million adults in the U.S. civilian work force.2 What
people do at work and the environments in which they spend so much time have enormous
impacts on health. From well-understood industrial exposures—such as ashestos or lead that
lead to chronic lung disease and cancer or renal disease and neurologic damage—to
increasingly recognized health risks in service industries—such as health care, where
nursing assistants have the highest rate of musculoskeletal disorders among all occupations
in private industry,3 work is an important factor to be considered when caring for patients.
Recent data suggest that sedentary work is as great a risk factor for heart disease as tobacco
use.* The organization of the work environment can also influence workers’ health whether
as a result of long or irregular hours of work, job insecurity due to increased temporary or
contract labor arrangements, or job stressors associated with work overload and inadequate
supervisory support, contributing to unhealthy behaviors and chronic diseases.® Many if not
most of the patient encounters resulting from these risk factors will first be seen by primary
care providers, hereafter referred to as PCPs, and the CDS tools linked to EHR systems
provide an opportunity to assist them in identifying these potentially modifiable work-
related risk factors.

In 2011, NIOSH requested the Institute of Medicine (IOM) of the National Academies to
examine the rationale and feasibility of incorporating occupational information in EHRSs.
The I0OM’s Report concluded that incorporating occupational information in EHRs could
improve both individual and population health.® In response to this report, NIOSH has been
engaged in a process to ensure that information regarding work is captured in EHRs in a
manner that will make it useful to PCPs at the time of care, supportive of efforts of clinical
units to improve the health of their patient populations, and useful for public health. NIOSH
has drafted an information model of Occupational Data for Health (ODH), illustrating key
data elements. The draft model includes data elements for current employment status and for
current and past jobs, including industry (ie, type of business), occupation (ie, type of work),
employment type (eg, self-employed, unpaid worker), work schedule, job duties, and
potential exposures. The patient’s usual (longest-held) occupation and usual industry related
to the usual occupation are also included, since these are relevant to understanding some
conditions with a long latency period. The data elements collected can be as simple (eg, the
combination of occupation and industry) or complex (e.g., including potential exposures) as
desired. Modeling the data in a standardized manner will promote consistency across EHRs
and make it easier to share this information.

EHR systems use CDS software to make available knowledge about appropriate care to
PCPs, staff, patients, or other individuals to enhance health and health care, referencing
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clinical guidelines, best practices, and research. Patient characteristics are used to trigger
delivery of information relevant to care. The first stage of generating CDS tools is the
creation of knowledge resources to serve as precursors for electronic CDS. Three of the
articles included in this supplement describe the development of knowledge resources
focusing on information about work that would assist PCPs in recognizing the relationship
between work and health. Each knowledge resource describes the information from
evidence-based guidelines and best practices that could be offered to PCPs and the decision
logic that would be used to trigger delivery of the CDS. The authors of these knowledge
resources drew on a systematic approach and existing resources, which are summarized
here.

Developing CDS from Professional Guidelines

In order to make professional guidelines and best practice(s) systematic and replicable, they
need to be clear, transparent and implementable within a health information system. With
the introduction of health information systems, clinical guidelines and best practices that can
be expressed as recommendations and presented through computer algorithms can be linked
to characteristics of patients and clinical findings so that they become available to providers
at appropriate times. Common principles can inform the development of guideline-based
CDS, regardless of the subject. The BRIDGE-Wiz/ application is primarily intended for
those who develop guidelines. It can be used to generate clear and unambiguous
recommendations and link them to the quality of evidence supporting the recommendations
and the expected level of adherence (based on recommendation strength). The electronic
GuideLine Implementability Appraisal (eGLIA)2 tool is an application that can be helpful in
identifying potential obstacles to effective implementation so that they can be addressed by
the guideline developers or anticipated by CDS implementers (available from http://
medicine.yale.edu/cmi/glides/index.aspx).8

Recommendations that are articulated in a standardized manner are easier to implement in
an electronic environment. One approach is to frame them to answer the following
questions: When (under what circumstances)?, Who (is the guideline’s intended audience)?,
Ought (with what level of obligation)?, to Do What (precisely recommended activity)?, to
Whom (target patients)? Additional relevant information—such as Howto perform the
recommendation and W#hy—can be appended or linked. Clear articulation of
recommendations increases the likelihood that they will be applied as intended.

The quality of evidence supporting each recommendation and the strength of each
recommendation are important considerations. Clearly describing each of these can help
providers understand, interpret, and apply the recommendations. These two qualities
represent distinct concepts that must be weighed separately in preparing recommendations.
Quality of evidence relates to the aggregate evidence supporting a recommendation and
incorporates consideration of study type and conduct. Strength of recommendation requires
an assessment of the balance or imbalance between anticipated benefits, risks, harms, and
costs associated with the recommendation and leads to an expectation of adherence to the
recommendation. Application of methodologic rigor and transparency also enhances the
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validity, or degree to which the recommendations a) reflect the intent of the guideline
authors, and b) the strength of evidence.

Assessing the Utility of a Knowledge Resources

The second stage of the CDS development process involves seeking input from those who
are the target of the recommendations and potential users: PCPs and staff.
Recommendations must be implementable, or suitable for use, by health information
systems and a good fit for use in a healthcare setting. The characteristics that impact the ease
of implementing a recommendation include decidability (under precisely what conditions
the recommendation is to be performed), executability (exactly what is to be done), validity,
flexibility (the degree to which a recommendation permits interpretation and allows for
alternatives in execution), effect on process of care, measurability, novelty/innovation (the
degree to which a recommendation proposes behaviors considered unconventional by
clinicians or patients), and computability (the ease with which a recommendation can be
operationalized in an electronic information system).8 These characteristics are helpful in
focusing CDS development efforts on recommendations that are ready for use in a clinical
setting. Obtaining feedback about recommendations from PCPs and health information
system implementers based on these characteristics is critical to understanding the
challenges and barriers as well as facilitators that could limit or enhance the utility of a
proposed CDS.

METHODS

With National Occupational Research Agenda funding, NIOSH designed a project to
develop the evidence-based knowledge and logic for three potential CDS recommendations.
Three topics, discussed in the 2011 IOM report, were chosen by NIOSH for development: 1)
diagnosis and management of an occupational disease (work-related asthma); 2)
consideration of work environmental factors in managing a chronic disease (diabetes); and
3) guidance for return-to-work for conditions, whether they are work-related or not.

Preparation of the evidence-based information and logic (contained in the knowledge
resources) was completed by three groups of occupational health subject matter experts
(SMEs), one for each topic. The SMEs were identified by three different established and
recognized professional associations (American College of Occupational and Environmental
Medicine, American Thoracic Society, and Association of Occupational and Environmental
Clinics). The professional organizations served solely as administrative coordinators of the
work of the identified SMEs; the SMEs provided their expertise and were not representing
the associations.

In the fall of 2014, NIOSH brought together the SMEs for a face-to-face meeting and
provided them with guidance, methods, and tools available to help convert guidelines and
knowledge about best practices into computer-implementable recommendations. One of the
authors (RS) provided informatics expertise and support for the SMEs as they conducted a
critical review of existing, relevant guidelines and best practices for their content area, then
synthesized the knowledge using approaches described above, drawing on the BRIDGE-Wiz
and eGLIA applications. Although the general topics were chosen by NIOSH, each SME
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work group proposed and developed specific clinical recommendations for implementation
of their topic. Over the next year, the SME work groups prepared knowledge resources 91011
[ htto://www.acoem. org/uploadedFiles/Public _Affairs/Policies And Position_Statements/
Guidelines/Library _and Reference Material/NIOSH%Z20Final%20Reports.pdf that could
serve as the basis for future electronic CDS for PCPs. The work involved identifying,
reviewing and summarizing the current scientific literature and professional clinical
treatment guidelines for the given topic and converting this information into specific
recommendations, including the decision logic for triggering delivery of the decision
support. Details of the methods used by each SME work group are described in their
respective papers.

To generate CDS that would be meaningful to PCPs, we engaged researchers from Oregon
Health & Science University (OHSU) and conducted a qualitative evaluation study at five
primary care practices in the summer of 2015. We obtained Institutional Review Board
(IRB) approval from NIOSH, OHSU, and each local site as required. We used versions of
the three knowledge resources that had been prepared up to that point. Results of the
qualitative evaluations were provided to the three SME work groups for revision and
refinement of their final knowledge resources. Details of this activity is found in the paper
by Baron et al.12

The process described above successfully generated knowledge resources that were accepted
by primary care practices (PCPs and staff, including health information system
implementers) as potentially useful and feasible in their settings. The IOM Committee
provided three scenarios that frequently challenge PCPs in practice. SMEs identified
relevant clinical practice guidelines and best practices, narrowed the scope of the clinical
problem, and developed one recommendation that could be supported by electronic CDS.
Reviews with PCPs, staff, and health information system implementers in primary care
settings confirmed that the approach was operationally sound and important to them.

The articles in this compilation describe the process conducted by each group of SMEs to
prepare evidence-based knowledge and decision logic for the three recommendations. The
paper by Harber et al.13 describes an approach for work-related asthma triggered by a
diagnosis of asthma or emergency room, acute clinic visit, or hospitalization for asthma in
an adult in the past two years.13 Allen et al.14 describe the process of developing a
recommendation around recognition of factors at work that impact diabetes care and
management among working adults, triggered by an HbA1lc laboratory value.14 The paper
by McLellan et al.1> describes development of an activity prescription tool to assist with
return-to-work associated with acute low back pain not caused by work, triggered by a
request or requirement from a patient for an activity note.15 Lastly, the paper by Baron et al.
12 describes the input obtained from PCPs and staff at five heterogeneous and geographically
dispersed primary care practices regarding the proposed CDS.12
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DISCUSSION

The accompanying articles in this special compilation provide examples for how clinical
recommendations linked to work can be introduced as CDS in primary care settings. The
initial feedback on the knowledge resources suggests that adding this information to current
health information systems is feasible and that PCPs find the information useful and
appreciate assistance to better consider the role of work in their patient’s care.

The importance of the role of PCPs in recognizing and managing occupational issues was
noted by the IOM in 1988,16the American College of Physicians in 1990, and some
researchers in the American Academy of Family Physicians journal, American Family
Physician, in 1998 and 2010.18.19Specific conditions directly related to work often present
themselves in that setting first.16 PCPs also provide care under workers’ compensation.
Using data from the National Ambulatory Medical Care Survey, Won and Dembe20 found
that family physicians provided care for patients with work-related conditions at 22% of
visits nationally; an additional 9% were seen by internal medicine physicians.20 However,
the visits to family physicians represented only a small proportion (2.5%) of their total office
visit load.

Providers frequently care for patients who may be having trouble managing their health at
work, and patients whose health affects their ability to work, yet may not recognize the
potentially important role that work plays in their patients’ illness, injury and recovery.21:22
The patient-centered medical home (PCMH) has been widely embraced to deliver
comprehensive and coordinated care “to improve the patient experience, improve population
health, and reduce the cost of care.”23 Successful implementation requires recognition of
social determinants of health. In recognition of the link between health and work, The Joint
Commission recently included work history in the elements of the clinical record of a
PCMH.24 The knowledge resources referenced in the accompanying compilation of articles
provide a starting point for improving the use of work information in the primary care
encounter. At the start of this process, we were aware of no previous systematic development
and assessment of the feasibility and usefulness of delivering clinical information linked to
work through health information systems for primary care settings.

For the full development of new CDS tools, once implementable and evidence-based
decision support recommendations are developed, the recommendations must be fully
formalized into a representation that can be incorporated into CDS software. The final step
—localization of the guidance— is performed at a local level, where the CDS is tailored to
the needs and resources, workflow, technical capabilities and design preferences of the CDS
system users. The NIOSH project did not undertake localization in the work reported in this
compilation but these additional activities will be essential before any of these suggested
knowledge resources can be implemented in a primary care practice.

CONCLUSION

Despite recognition that PCPs address the interface of work and health, effective training in
this area is largely absent from the medical curriculum, leaving a gap in knowledge about
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clinical care of workers.25 CDS relating work and health, delivered by health information
systems affords an opportunity to address this knowledge gap by providing targeted and
relevant information during a clinical encounter. Such decision support has the potential to
improve clinical care and raise awareness about the importance of the work environment to
patients’ health. The improved awareness could result in a feedback loop of more consistent
consideration of patient work in patient care.
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